In order to improve the efficiency of calibration, aiming at the shortcomings of traditional relative calibration method of a certain air defense weapon system position, an optimization method based on intelligent algorithm for the relative calibration process of vehicle in a position is proposed. In this paper, the basic process of vehicle calibration is briefly introduced. The mathematical model of calibration process is established to optimize the total calibration time. The method for solving the calibration process using discrete binary particle swarm optimization is given. Through a simulation example of a vehicle calibration problem, after comparing the optimization results of discrete binary particle swarm optimization and genetic algorithm, it shows that discrete binary particle swarm has better application value in this problem. The research shows that the discrete binary particle swarm can effectively improve the calibration efficiency.
Introduction
When an air defense weapon system is deployed at the position, it must be calibrated first. In accordance with the requirements of tactics and technology, when an air defense weapon system is in combat, it must be included in the national air defense intelligence network, and the weapon system should be equipped with directional means. [1] [2] It is achieved through the command unit in the ground combat system. At the same time, the equipment of the ground combat system is distributed on the battlefield. [3] In order to complete the transmission, transformation and correction of the target coordinates of each workshop, the position and distance of the battle equipment should be calibrated. That is, the relative distance and relative azimuth angle between each car are determined. [4] For example, the calibration of an air defense weapon system includes the absolute calibration of the command unit (A) and the relative calibration between the command unit, the fire control unit (B) and the weapon unit (C).
Calibration Process Optimization Issues

Calibration Process
After the air defense position is completed, calibration is started between vehicles. During the calibration process, B vehicle is absolutely calibrated. The method used is to find the north through the on-board digital compass and measure the angle between the vehicle's mechanical zero position and the true north direction. This step is to set the air defense weapon system to be based on the north.
After the absolute calibration of the A-car was completed, the relative calibration of the A-car and the B-car and the B-car and the C-car was started. This calibration process is also the key process considered in this paper. The relative calibration adopts the optical sighting method, that is, the azimuth angle is determined by the cross on the calibration telescope and the distance is determined by the laser rangefinder. [5] [6]
Calibration Process Optimization Mathematical Model
Calibrating the process optimization problem is the shortest time required to solve the requirement of multiple vehicles at the same time under certain optimization objectives and constraints. After the absolute calibration of the S car, the relative calibration must be performed according to certain rules. At the time of B vehicle calibration, B cars cannot be calibrated with two cars and more at the same time. When carrying out C vehicle timing, it only needs to be relatively calibrated with the corresponding B vehicle. Because the C vehicle is launching, the launch command is issued by the corresponding B vehicle. Its calibration only needs to be calibrated relative to B vehicle. Relatively calibrated with the A car; at the same time, the calibration parameters related to the azimuth and relative distance. The azimuth calibration needs to first know the angle between the B vehicle mechanical zero position and the positive north direction. Therefore, the B vehicle and the S must first be The vehicle is relatively calibrated before it can be calibrated with the C vehicle. Based on considering the above factors, this paper gives a mathematical model for vehicle calibration process optimization.
Assume that there is 1 command unit A on the position, the fire control unit is i B , 1, 2, , i m = and the weapon unit is j C , 1, 2, , j n = . S car and each B car to be calibrated, recorded A car and car calibration time i t , C car and the corresponding B car calibration, marking j C car and i B car calibration time is i T . The calibration process has the shortest total time requirement under constraint conditions, ie, the objective function can be expressed as:
Restrictions:
(a)The calibration of B and C vehicles must be performed after the calibration of the same B and S vehicles. 
Solution Algorithm
For the solution of the calibration process optimization problem given in the previous section, two intelligent optimization algorithms-PSO and GA-were used. PSO has many advantages, such as certain parallelism and simple implementation. The control parameters are not many, and the concept is easy to understand. However, there is also insufficient ability of the algorithm to jump out of the local optimal solution. The accuracy of the algorithm for solving high-dimensional complex multimodal problems is not high, and the computational complexity of the algorithm is too high. It does not have the disadvantages of handling constraints and multi-objective mechanisms. In order to solve the discrete calibration process optimization problem with constraint conditions in this paper, the Discrete Binary Particle Swarm Optimization (DBPSO) algorithm is used to solve this optimization problem. [7] Introduction to Discrete Binary Particle Swarm Optimization Standard Particle Swarm Optimization. Let the size of the population N, the position of each particle in the D-dimensional coordinate space at the time of iteration t: ( ) ( ) 1 2 , , , , ,
Simultaneously, the particle's velocity: ( ) ( ) 1 2 , , , , ,
In t+1, the particle's position ( ) i x t and velocity ( ) i v t can be transformed by the following formula:
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i v t is the velocity of particles at time t, ( ) i p t is the optimal position ( best p ) that i particles have experienced, ( ) g p t is the optimal position ( best g ) that particle particles experience, 1 c and 2 c is the acceleration constant, which is generally [0, 2], 1 r and 2 r is a random number., uniformly distributed on [0,1], If the original pso is added inertia weight, it will make the search more control. Its speed update formula is as follows: [8] DBPSO Algorithm. The particle position and velocity of the standard particle swarm optimization algorithm are continuously coded in the real number domain, but the example position in the BPSO is represented by 0,1 binary, so we also call it binary particle swarm optimization or binary particle swarm optimization..
The mathematical expression of the binary particle swarm algorithm differs from the standard particle swarm algorithm in that it is implemented using a function called the sigmoid function: 
Calibration Process Using DBPSO Algorithm
The candidate solution to the calibration process problem are ( , ) x i k and ( , ) x j k . 1, 2, , m i = , 1, 2, , n j = , 1, 2, , k l = , they are two particles, so the dimension of the particle is m l × or n l × . The paper deals with the constraint conditions, which can be treated by the penalty function method. Through the penalty function method, the optimization problem of the calibration process is transformed into an optimization problem with no constraints. Finally, the DBPSO algorithm or the GA algorithm is used to solve the problem.
For the constraint condition [10] , a penalty function 2 f is defined. In order to make the solution of the violation constraint condition in the result significantly different from the normal solution, set a penalty coefficient k,
here. 2 f can be expressed as:.
In Equation (9), VI is the number of constraints (a) and (b) that are not satisfied.
Minimize f f f = + (10) Equation (10) is an adaptation function of the DBPSO algorithm or the GA algorithm. [10] 
DBPSO Algorithm Flow
(1) Establish a mathematical model for the relative calibration of vehicles on the battlefield, establish objective functions, constraints, and use the penalty function method to convert optimization problems with constraints to optimization problems without constraint conditions, and obtain the DBPSO adaptation function.
(2) Define the DBPSO, initialize the population of the particle swarm, the dimensions of the particles, define the position of the swarm, and set the speed range; set the total number of iterations.
(3) Acquire several basic parameters of the relative calibration time between A car and B car, B car and C car.
(4) Substituting the data into the DBPSO's fitness function to get the first fitness value, taking each particle's position as their individual optimal value ( best p ), and choosing the group's optimal value ( best g ). 
Analysis of Examples
Suppose that the vehicle to be calibrated on an air defense position is an A vehicle, 5 B vehicles, and 5 C vehicles. Their relative calibration time is shown in the table: In Table 1A -GP i indicates the relative calibration of A and B, j Ci B indicates the relative calibration of C and B.
The DBPSO algorithm used in this paper has an example population of 50, an iteration number of 200, a GA algorithm population of 50, an iteration frequency of 200, a crossover rate of 0.7, and a mutation probability of 0.01. The results are shown in the table   Table 2 . The optimal solution of DBPSO algorithm and GA algorithm.
Fitness value
Calibration time /min BPSO 11.5 11.5 GA 11.5 11.5 Table 3 . Optimal Process Based on DBPSO Algorithm and GA Algorithm.
In Table 1 , the adaptation values of DBPSO algorithm and GA algorithm are equal, indicating that the convergence of the two is the same. After many simulation tests, it is found that this is the optimal solution, and the optimal calibration time is 11.5 minutes. Table 2 is the specific calibration process using DBPSO algorithm and GA algorithm respectively, and the two are the same as the optimal process. One intercepts the convergence graph for the first 60 iterations. The DBPSO algorithm on the graph is significantly faster than the GA algorithm in convergence, and both converge to the global optimum in the end.
Conclusion
In this paper, aiming at the shortcomings of air defense vehicle calibration process, an optimization method of calibration process based on intelligent algorithm is proposed, a mathematical model to minimize calibration time is established, and the problem with constraints is converted into unconstrained by penalty function method. The problem of conditions. At the same time, aiming at the deficiency of the general particle swarm optimization algorithm, it is improved. In order to maintain the traditional solution speed of the particle swarm optimization algorithm, it needs to improve its ability to find the global optimal solution. Results Compared with the simulation example of genetic algorithm, it is found that DBPSO not only solves fast, but also can easily find the global optimal solution. It can be used well in the optimization of calibration process. 
